102 cases of idiopathic adolescent scoliosis seen over a period of 5 years were studied. 59 patients who were treated surgically and followed up for a minimum of 48 months, fell into one of two groups: Group I -those operated on within 3 years following the adolescent growth spurt, and Group II -those who were operated on at or after skeletal maturity. 35 patients were treated by Harrington instrumentation and posterior fusion and 24 by Harrington instrumentation, segmental sublaminar wiring and posterior fusion. In 7 patients anterior release was performed initially. In Group I, the extent of deformity correction and elimination of the rib hump were better, and complications such as neurological deficit, hook dislodgement and implant breakage were encountered less frequently. Harrington instrumentation, segmental sublaminar wiring and posterior fusion gave better results than instrumentation and fusion. Our results suggest that surgical correction should be done within 3 years following growth spurt, i.e. 14 to 16 years of age.
I N T R O D U C T I O N
Although descriptions of spinal deformity date back to antiquity, effective methods of treatment for scoliosis were not known prior to this century. Since Hibbs reported the technique of posterior fusion in 1911 and Harrington introduced an instrumentation system for correction of scoliosis in 1960, many modifications have taken place. Early diagnosis and treatment of scoliosis have given excellent results. The outcome of surgery has become more predictable and complications have become less frequent. However, some grey zones still remain. Among questions which need answering are what is the ideal time of surgery and what is the best surgical procedure at different ages?
In India, there is a lack of public awareness regarding scoliosis. A few attempts have been made to determine the prevalence of scoliosis in school children. 20, 27 However, being a vast country with diverse cultural and economic problems, uniform school screening programmes do not exist. Consequently the patients tend to present late, with curves which are rigid and thus rendering the correction difficult.
This study analyses the pattern of scoliosis encountered in India, the problems faced during surgery and the outcome of treatment of a group of patients with scoliosis. An attempt has been made to define the optimal time for surgical correction.
MATERIAL AND METHODS
Of 152 patients with scoliosis treated over a 5 year period, 1990 to 1994, there were 102 cases of idiopathic adolescent scoliosis, 31 cases of congenital scoliosis and 19 cases of neuromuscular scoliosis. 63 patients among the 102 cases of idiopathic scoliosis were treated by surgery. Four of these patients were lost to follow up. The remaining 59 cases who were operated on and had a follow up of more than 48 months are shown on Table 1 .
The age at menarche in girls and appearance of secondary sexual characteristics in boys were taken as indicators for the growth spurt. Stage V status of the iliac apophysis defined as per Risser's criteria 4,24 was taken as evidence of skeletal maturity.
Thirty five cases of idiopathic adolescent scoliosis were treated by Harrington instrumentation and posterior fusion. The remaining 24 cases were treated by Harrington instrumentation, segmental sublaminar wiring and posterior fusion. In 7 late cases in which the curves were rigid, anterior release followed by Harrington instrumentation with or without segmental sublaminar wiring and posterior fusion was done. The wake up test was done intraoperatively in all cases.
The patients were immobilised in a thermoplastic body jacket during the post-operative period and gradually ambulated. The jackets were worn for at least one year following surgery. The minimum follow up was 48 months and maximum was 67 months (mean 56 months). At the time of the last follow up, the variables studied included alignment of the trunk, size of the rib hump, roentgenographic assessment of correction, complications, and patients' subjective satisfaction of outcome.
Independent t-tests were employed to compare differences in post-operative corrections in the different groups and subtypes. The frequency of complications was compared with the help of the chi-square test.
RESULTS
The median age of surgery was 16 years (range 14-25 years). The median age of menarche was 14 years (range 12-15 years). The type of curves encountered are shown in Table 1 . Regarding flexibility of the curves, Group I patients showed 60.00±13.66% of preoperative flexibility of curves whereas Group II showed 40.89±18.16%. Group IIA showed 44.57±19.76%, and Group IIB patients showed 37.21±16.56%. However, these differences were not statistically significant. Regarding the extent of correction, the immediate post-operative correction achieved and final correction maintained at the time of last follow up are shown in Tables 3, 4 and 5. Statistical significance was found when Group I and Group II were compared (p<0.05). The patients were again analysed with respect to their curve types and type of surgery performed (Tables 4 and 5 ).
Regarding correction of rib hump, the average correction following surgery was 42.28±13.22% in Group I, whereas Group IIA patients showed 34.70±17.32% and Group IIB patients showed 32.80±21.25% of correction. Two cases of lumbar scoliosis and six cases of double curve type were analysed separately and not included because of small numbers.
Group I: Those who were operated on within three years following the growth spurt, i.e. 14 to 16 years. Group II: Those who were operated on at or after skeletal maturity. Group IIA: at or below 19 years (17-19 years) Group IIB: at or above 20 years.
Preoperative evaluation of the patients consisted of evaluating the pattern of the curve, measuring the magnitude of the curve using the Cobb's and Lippman methods, determining the flexibility of the curve with lateral bending radiographs and measurement of the rib hump in the forward bending position with an indigenously manufactured inclinometer.
The indications of surgery were a Cobb's angle more than 40°, progressive increase in deformity in spite of bracing, and an unsightly rib hump. The patients who were treated by surgery were divided into two groups as shown on Table 2 . Regarding patient's satisfaction, 92% of the patients in Group I were satisfied, whereas only 44% in Group IIB were satisfied with the final outcome.
Analysis of Complications
Complications after surgical correction of scoliosis were analysed with respect to the patient's age at the time of surgery and type of surgery performed. Five patients (18.52%) in Group I and 13 patients (54.17%) in Group II had complications. Six patients (40.00%) in Group IIA had complications whereas 7 patients (77.77%) in Group IIB had complications (p<0.05).
Types of complications
The types of complications encountered in each group are shown in Table 6 . Two patients had infection postoperatively. Nine patients had post-operative neurological deficit. Eight of these were sensory impairment involving one dermatome without motor deficit, all of whom recovered completely. In these eight patients the wake up test was normal. One patient with complete neurological deficit made a partial neurological recovery. In this patient the wake up test was equivocal. Among the patients with neurological deficit only one case was in Group I and eight were in Group II. Five patients had undergone Harrington instrumentation, segmental sublaminar wiring and posterior fusion (23.8% of the HR+SSI group) and 4 had undergone Harrington instrumentation and posterior fusion only (13.33% of HR group).
sublaminar wiring and posterior fusion had persistent pain.
Complications were more commonly encountered in Group II patients than in GroupI (p<0.05) and Group IIB than in Group IIA (p<0.02). However, the incidence of complications was not significantly different with different types of surgeries performed.
DISCUSSION
A large number of patients in this series presented late. Even though some attempts have been made regarding a school screening programme in India, the prevalence in no way represents the real magnitude of this problem. 20, 27 Many of the rural areas are not accessible for school screening programmes, and awareness regarding the principles of management of scoliosis among general orthopaedic surgeons is limited. Because of the lack of any preliminary treatment like bracing or exercises, the curves were relatively rigid.
The ideal time for surgical correction of scoliosis has been a point of controversy for many years. Cobb has long held the view that the fusion may be delayed until skeletal maturity to avoid the risk of arrested growth of the spine. Many patients were allowed to progress to large and rigid curves that no longer corrected to satisfactory degrees. 6 In contrast to Cobb, Risser, 23, 24 suggested that growth of the spine will not be impeded by fusion. However, Johnson and Southwick, 15 Moe and Gustilo 22 and Winter et al. 30 demonstrated the abolition of growth in a fused spine. Controversies still remain as to how early the surgery should be done. Surgery done at a very early age is prone to a high frequency of complications 13, 25 and surgery performed late results in unsatisfactory correction of the deformity. 5, 26 However, it has been agreed that it is better to have a shortened, straight, fused spine rather than a long, crooked one or a shortening caused by the deformity itself. 21 Hence, many authors believe that a progressive deformity should be treated early and aggressively by surgery. 2, 3, 4, 14 In this study, the patients were analysed to find out the ideal time for surgical correction in our situation where many of the patients usually present late for treatment. Since menarche is one of the indicators of the growth spurt, 4 at which time almost two-thirds of the progression of scoliotic deformity occurs in adolescent idiopathic scoliosis, 21 this indicator was taken into consideration in this study. Furthermore, the study of Lonstein et al. 16 showed that the attainment of menarche and appearance of the iliac apophysis almost coincide. Five patients had upper hook dislodgement, i.e., 2 patients in Group I and 3 patients in Group II. All these patients had undergone Harrington instrumentation and posterior fusion only. One patient in Group I who had undergone Harrington instrumentation and posterior fusion developed a psuedoarthrosis with breakage of the rod. One Group I patient who had undergone Harrington instrumentation, segmental Several reports of surgical correction of scoliosis have revealed that the results of surgery are better in younger children. This was confirmed in our study in terms of the extent of correction of the deformity and also the lower frequency of complications ( Fig.1a, 1b,  1c, 1d ). Patients who were operated within 3 years after the growth spurt (Group I) achieved better correction than the patients who were operated after skeletal maturity (Group II) despite more extensive surgery in the latter group ( Fig.2a, 2b, 2c, 2d) . The low correction rate and the increased risk of complications in older patients may be due to the relatively rigid curves encountered in them. It is well known that several anatomical changes in the spine, soft tissues and cord itself occur with increasing age. 11, 21 It would be reasonable to suggest that the stiffness of the curve is a crucial factor in determining the outcome of surgery. A flexible curve with less pronounced structural changes in the spine and the surrounding soft tissues is likely to be corrected more completely without complications. These types of curves were more frequently seen in Group I patients.
Studies in the literature have revealed almost equal amounts of correction in different types of scoliotic curves irrespective of the different types of surgery. 1, 17 However, in this study, the thoracic curves showed a lower correction rate than thoracolumbar curves, though this difference was not significant statistically. Dickson and Harrington 7, 8 also observed marginally better correction in thoracolumbar curves than in thoracic curves, though Lovallo et al. noted no such difference. 17 The type of surgery can also influence the correction rate in scoliosis. Many studies have shown the best result after Harrington instrumentation, segmental sublaminar wiring and posterior fusion. 9, 10, 17 However, Milkie et al (cited by Akbarnia) after comparing all modifications of Harrington instrumentation, came to the conclusion that the type of implant did not show any influence on the correction rate. 1 In our study, the results following Harrington instrumentation, segmental sublaminar wiring and posterior fusion technique were slightly better than that of the original Harrington instrumentation technique. Again this difference was not statistically significant. We are aware of the fact that recent advances in the designs of implants increased the flexibility of the spine surgeons to correct this triplanar deformity better. These implants are more rigid and give better stability to the spine after correction than Harrington instrumentation with or without segmental spinal instrumentation, in which, upper hook is known to be the weakest link. Economic constraints limit the use of modern orthopaedic implants which are beyond the reach of patients in this part of the world. Therefore it seems quite justified to recommend Harrington instrumentation and segmental sublaminar wiring with posterior fusion in these patients, which yields gratifying results.
Neurological complications of scoliosis surgery ranges from 0.5% to 17%. 12, 18, 19 These complications were found to be higher in older age groups. 4, 29 The overall incidence of neurological deficit in our study was 17.6%, which was similar to that in literature, and 8 out of 9 patients with neurological complications belonged to the older age group. The distressingly high frequency of neurological deficit encountered more commonly in Group II patients, was probably due to excessive distraction of these relatively rigid curves. Wilber 29 and Thompson 28 noted a higher incidence of neurological deficit following segmental sublaminar wiring. Five out of nine patients in our study had neurological deficit following sublaminar wiring. The incidence of dislodgement of hook is also reported to be higher in older children and in patients who do not undergo segmental fixation. 17 We concur with the view held by Lovallo et al. 17 that segmental fixation helps to reduce the incidence of dislodgement of hooks. We encountered only one case of a broken implant with pseudoarthrosis in our entire series, occurring in a patient who did not have segmental fixation.
The younger patients showed better correction of rib hump deformity after surgery than the older individuals during the last follow up. Finally, the satisfaction following treatment was also higher in younger individuals than in older individuals.
In conclusion, we would recommend surgical correction as early as possible within 3 years of the adolescent growth spurt i.e., 14 to 16 years at which time the curves are more supple and the likelihood of correction is better. We would encourage surgeons not to wait till skeletal maturity as the results are less gratifying even following both anterior and posterior surgery.
